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within an Agricultural Landscape 
 
Geoff Cockfield 
 
In this chapter, a method of identifying possible sites for future farm forestry plantations is discussed. 
Spatial representations of current and possible agricultural activities in the landscape are used to 
inform land-use and conservation planning. The criteria for selecting sites are derived from a 
combination of the conclusions from the landholder survey discussed in Chapter 5, government policy 
goals as stated in selected policy documents, and feedback obtained from a Multi-objective Decision 
Support System (MODSS) process discussed elsewhere in this report. The purposes of the analysis in 
this chapter are to: 
 
• develop a means of identifying potential forestry sites in a sub-region or catchment, for use in 
planning by catchment management or local government groups; 
• develop a spatial representation of potential forestry sites in a sub-region or catchment, to 
provide information to people engaged in consultation activities, such as the MODSS process;  
• model the changes in the value of agricultural output that would result from the conversion of 
land to forestry use. This is designed to provide further information to policy makers as to 
whether there are sound economic reasons for pursuing the goal of increasing the area 
devoted to farm forestry. 
 
It should be noted that achievement of the last of these objectives is severely limited by the lack of 
relevant biophysical data relating to forestry production in the study region, namely the Hodgson 
Creek Catchment, south-west of Toowoomba on the eastern Darling Downs. Therefore, the estimates 
are indicative only. In addition, the analysis is based on estimates of what could be produced in the 
way of conventional crop and livestock production from the region, not what is currently produced. A 
closer integration of the spatial component with the actual production would require a detailed on-
ground survey, and given rotational land-use, would involve a highly complex model. An additional 
problem is that an infinite number of combinations of land-use activities and their locations across 
various locations in the region are possible. Therefore, the analysis compares the spatial distribution 
and value of broadacre, dryland cropping and pastoral activity with scenarios in which some land is 
used for plantations.  
 
This comparison has been undertaken by creating a representation of current land-use for the study 
area, based on existing spatial data sets and some interpretation of satellite imagery, and then adding 
possible farm forestry scenarios to create new land-use combinations for the catchment. The farm 
forestry scenarios were initially developed from the preferences of landholders as deduced from the 
survey response data discussed in Chapter 5, and from advice from local forestry extension personnel 
and Queensland State and Federal government policy goals in relation to farm forestry. The initial set 
of scenarios were then presented to a stakeholder group, as discussed in the MODSS section of this 
report, and modified according to their feedback, after which the modified scenarios were presented to 
an expert panel. The feedback from that exercise was used to refine and simplify the scenarios and 
these are the ones to be primarily considered in this chapter.  
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8.1  Research Methodology  
 
The Hodgson Creek catchment was chosen as the study site because: 
 
• useful data in relation to land-use were available, this area having been studied extensively in 
relation to agricultural production and conservation issues; 
• there is a variety relevant landholder types, ranging from commercial crop farms in the west 
to non-production landholders in the east;  
• there is a variety of land types, ranging from alluvial plains to basaltic uplands; and  
• it is predominantly an agricultural landscape, with little remnant vegetation, and most areas 
have been extensively modified. 
 
Figure 8.1 indicates the location the study area, the major waterways and the areas that are considered 
to at risk from salinity due to rising groundwater levels.  
 
 
 
 
 
 
 
 
Figure 8.1. Location of the Hodgson Creek catchment on the Darling Downs of Queensland 
with selected features. 
 
Source: Adapted from GIS information compiled by the Queensland Department of Natural 
Resources and Mines. 
The total area of the catchment is approximately 81,000 ha and the mean annual rainfall ranges from 
720 mm in the west to about 850 mm in the east. There are small areas of remnant native vegetation in 
the centre of the catchment, with some more heavily wooded areas along the range in the north-east.  
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Data used in the analysis 
 
Seven acquired data sets were used to build the database, namely:  
 
• Landsat 7 ETM+ satellite imagery; 
• a land-use data set compiled from a ground-based survey in 1999, covering actual land-use 
for the central and eastern part of the catchment; 
• a digital elevation model (DEM); 
• the DCDB, showing roads, property boundaries and waterways; 
• an agricultural management unit map;  
• an existing salinity outbreak map; and 
• a foliage projective cover map developed by the Queensland Statewide Land Cover and Tree 
Study (SLATS) (DNR, 1999). 
 
The on-ground survey was undertaken in 1999 as part of a project investigating agrochemical use on 
farms. It covered about 60-70% of the eastern part of the catchment. With the exception of the 
Landsat 7 image and the DEM, all primary datasets were obtained from the Queensland Department 
of Natural Resources and Mines (NRM) and were produced by the procedures reported by Carberry 
and Walker (1993). The DEM was derived from both 1:10,000 and 1:25,000 contour and drainage 
map data. The satellite imagery was obtained from the Australian Centre for Remote Sensing 
(ACRES) as an ortho-corrected image.  
 
As part of another project, the imagery for the whole catchment was processed to create a land-use 
and vegetation cover map. All of the visible and non-thermal infrared bands, including the 
Normalised Differenced Vegetation Index (NDVI) image, were included in a supervised image 
classification (Apan et al. 2001). This classification was inferred, rather than confirmed, so it was 
decided that the land-use survey was more accurate and therefore this information was used for those 
parts of the catchment for which it was available. Thus, the eastern 60-70% of the image of current 
land-use is based on the survey work, and the west is inferred from the image, confirmed to some 
extent by a limited ground survey.  
 
Creating representations of land-use in the catchment 
  
The base layer for the analysis was a representation of the existing land-use. This is necessarily a 
simplified representation of actual land-use because the cost and time involved in ground-truthing to 
obtain greater detail would have been high. Even then, with land-use rotations and without a 
comprehensive interview process to determine landholders intentions, it would only have been 
possible to capture a snapshot of land-use at a particular time. Consequently, this is really a 
representation of broad land-use possibilities, based on conventional production. It should be noted 
that over time the organised collection of data from key local people would produce a better 
representation of rotations, allowing for more accurate land-use classifications.  
 
The broad classifications from the 1999 ground survey formed the basis for current land-use, being 
the most detailed available. The land-use categories are: 
 
1. Cash crops: Includes all annual grain and fibre crops, with dominant crops being wheat 
barley and sorghum. 
 
2. Vegetables: Irrigated vegetables, including broccoli, lettuce and cauliflower. 
 
3. Fodder crops: Mainly oats in winter and feed sorghum in summer.  
 
4. Lucerne: Irrigated lucerne used for hay production and for dairy production. 
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5. Ley: Areas identified as having once been cropped, but not in use for either agricultural or 
pastoral activity in the year of survey. Some ley areas are almost permanently in that state, 
being part of rural residential or hobby farms, or floodway paddocks. However, spot-checking 
has revealed that some patches have since reverted to cash or fodder crop production. On the 
other hand, there are areas that have been classified as improved or native pasture that support 
little or no grazing activity and so could be classified as ley areas.  
 
6. Modified pasture: Not necessarily sown pasture, but areas that have been cultivated and are 
now returned to a mixture of introduced and native species of grasses. It is assumed that this 
could be used for grazing, though there are some patches that support little or no grazing. 
 
7. Native pasture. This is assumed to have had little direct modification, although in reality 
there are invasive plant species in most of these areas. This means that carrying capacity 
varies.  
  
8. Urban areas: Designated towns and villages.  
 
9. Stud farms: Specialised livestock holdings. 
 
10. Native vegetation: Areas of woodland of more than 2 ha.  
 
11. Minor drainage: Small waterways and watercourses, as classified by the NRM.  
 
12. Major drainage: Larger waterways, including creeks and rivers.  
 
13. Roads: Major and minor roads, including road verges. 
 
It should be noted that with crop rotations and the lack of ground-truthing in the western side of the 
catchment, there would be some overlap between the fodder and cash crop categories. Most patches 
were left as cash crop, given the dominance of the alluvial plains soils in this part of the catchment. 
Similarly, there was no obvious distinction between native pasture and modified pasture. It was 
therefore postulated that native pasture predominates where the slope is greater than 20 degrees and 
the agricultural management units are unsuitable for cultivation. An analysis was run for the surveyed 
part of the catchment and a high degree of correlation was found between these factors and native 
pasture patches. This was then applied to the remaining areas of the catchment to create more native 
pasture patches, leaving the remaining patches as modified pasture.  
 
Creating a production capability layer 
 
In order to estimate crop, pasture and timber yields, and to identify areas that are entirely unsuitable 
for timber production, a production capability layer was created. It would have been possible to 
develop production estimates based on each of 18 Agricultural Management Unit (AMU) categories. 
For simplicity, and given the current uncertainty about soil suitability and timber production, the 
AMUs were aggregated into five categories, as indicated in Table 8.1.  
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Table 8.1. Agricultural management units and production capability 
 
AMU 
ID 
Name Production capability Category 
number 
11 Waco 
 
Alluvial clays 
High crop production capability. Would also be suitable 
for Western White Gum production 
 
1 
13  Ramsey   
1 Irving-Purrawanda 
 
Heavy to medium clays 
Medium to high crop production capability with some 
limitations relating to depth, structure or moisture-holding 
capacity. Some of these characteristics may also limit 
timber production. 
 
 
 
2 
 
10 Charlton-Craigmore   
16 Elphinstone-Talgai   
24 Yargallen    
2 Kenmuir-Purrawanda Lighter clay/loams and loams. Suitable for occasional 
cropping and some structural decline with cultivation. 
May be suitable for Spotted Gum on higher areas or 
otherwise White Gum. Possible production limits due to 
poor moisture holding and difficulties with establishment 
where there has been structural decline. 
 
 
 
 
3 
4 Burton   
5 Southbrook   
15  Homestead   
12 Mallard 
 
Some types can be cropped, but generally limited fertility, 
can have poor structure and limited moisture holding 
capacity. Possibly limited suitability for trees especially 
where there is structural decline. 
 
 
4 
14  Pechey-Palmtree   
18 Toolburra   
20 Mixed not stoney   
22 Not named   
3 Kenmuir Stoney Low fertility. Presumed to be unsuitable for both stock 
and timber production 
5 
19 Mixed stoney   
23 Boundary   
 
Source: Carberry and Walker (1993).  
 
Soil scientists could develop a more detailed set of categories but this would also increase the 
complexity of the overall analysis of land-use in the catchment. Production would depend on the 
combination of the AMU and specific crop and pasture types and these have not been identified. In 
addition, there are limited data relating to soils and timber production for the region. More accurate 
and detailed investigation would most appropriately be carried out at the sub-catchment (a sub-set of 
the catchment) scale or once sets sites had been identified as being potentially suitable for timber 
production. 
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8.2  Developing Plantation Scenarios 
 
The key assumptions used to develop the scenarios were developed from the survey work discussed in 
Chapter 5, advice from forestry extension personal in the region, and government policy and research 
documents (including NPAC 1991). From the integration of those factors, the following criteria were 
developed.  
 
• Plantations should have some commercial potential to produce a resource that will replace 
native forests as a source of timber (NPAC, 1991).  
• There are threshold fertility requirements, thus ruling out the least fertile soil types in the 
study region, despite the apparent preferences of landholders to view forestry as an activity to 
be located on poor soils. 
• There must be sufficient area of forestry to produce marketable quantities of timber. For 
example, if a viable minimum annual output from a region is 10,000 m3 and the yield from a 
western plantation is estimated to be 400 m3 (1 m3/stem and a final stand density of 400 stems 
per hectare or sph), then this would mean a minimum harvested area of 25 ha per year. A 
sustainable system, assuming a 32-year rotation, would require 780 ha of forestry.  
• Stands must be clustered to some degree so there are economies of scale in harvesting and 
post-harvest handling. This assumes that some form of cooperative marketing would develop 
in the future.  
• Most fertile farmland will remain in crop production, at least in the medium term, because of 
the higher revenue generated by crops and the cultural preferences of farmers.  
• Plantations should ideally contribute to the protection of production resources, especially soil 
and water. 
 
While habitat benefits are of interest to some government agencies and smallholders, it was 
considered too difficult to easily identify the extent of these, as there is limited information about the 
habitat benefits of plantations in the region. The recommended tree species, while native, are not 
indigenous to the area. With further research on benefits derived from plantations of various size and 
in various location of plantations, this information could be used to modify the scenarios discussed in 
this chapter to incorporate consideration of habitat benefits.  
 
A spatial analysis of the Hodgson Creek Catchment on the Darling Downs was undertaken using these 
assumptions. Geographical information system (GIS) technology was used for this analysis, for four 
main reasons. First, relevant data were available in an ArcView format. Second, GIS software such as 
ArcView are becoming reasonably easy to use. Given data preparation, and perhaps some guidance by 
experts, the approach taken here could be replicated or adapted by stakeholders with only moderate 
computer skills. Third, the GIS analysis allows relatively rapid estimation of changes in agricultural 
output, given a change in land-use. Fourth, GIS representations of land-use and land-use change seem 
to appeal to landholders as an aid to planning and discussion of natural resource use (Reeve and 
Black, 1993, p. 131). With the criteria in mind, some specific land-use categories were created.  
 
Identifying erosion hazard areas 
 
The digital elevation model (DEM) layer, with slope expressed in degrees, was converted to a set 
of categories expressed as percentage slope, as in Table 8.2. The first four categories were based on 
the slopes generally used for agricultural analysis. Erosion risk increases if the slope is greater than 
5%, and cultivation is not recommended due to erosion risk if the slope is greater than 12%. This 
categorisation allowed for identification of all areas with a slope greater then 12% where cropping is 
taking place. Extra categories were added, 12-20%, 20-30% because it may be possible to establishing 
plantations on slightly steeper slopes, without adding significantly to the erosion hazard. 
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Table 8.2. Land gradient categorised by percentage slope 
 
Slope (%) Code 
0-1 1 
1-5 2 
5-8 3 
8-12 4 
12-20 5 
20-30 6 
30-40 7 
>40 8 
 
Creating a mask of unsuitable areas 
 
Using the key land-use types and the production capability categories, areas considered unsuitable for 
plantations were nominated, then isolated from the original layer, and ultimately combined in one 
category to create a mask for cutting any initial results for potential plantation sites to produce a final 
layer of possible sites. The ‘unsuitable areas’ were: 
 
• all roads, including verges and road reserves; 
• areas where the slope is greater than 30%; 
• major waterways, in which the main channels were assumed to be 20m wide, with a 20 m 
buffer zone added to each side, to create a total width of 60 m. This buffer was created 
because farm forestry is not generally recommended to close to waterways, and in some 
jurisdictions is not allowed.  
• minor waterways, buffered to produce a total width of 40 m; 
• native vegetation, assuming there would be little social support for removing the remnant 
vegetation for plantations; 
• urban areas; 
• specialised agricultural areas, including areas of lucerne and vegetables and stud farms. The 
assumption was that these are high value activities, unlikely to be displaced by plantations. 
There are only a few small patches in these categories anyway; and 
• low fertility soils (category five from the production capability classifications). 
 
Each theme was merged with the cumulative set to create a mask. Then, each time a set of potential 
forestry sites was developed, these were cut with the mask before being added to a land-use layer.  
 
Creating a salinity revegetation layer 
 
The first criterion was the potential to contribute to reducing land degradation, and in particular to 
offset some of the adverse effects of rising watertables which is a land degradation problem in the 
catchment subject to much current attention. The priority revegetation sites were identified by 
mapping the recharge and discharge zones using techniques adapted from the work of Bui (2000). 
Potential recharge zones are assumed to correspond to map units with high permeability and to 
drainage areas. Potential discharge zones are assumed to correspond to soil map units with low 
permeability and poor drainage located in low spots of the landscape. The rest of the soil map units 
are assumed to be transmission areas. The interpretation and reclassification tasks were aided by 
geology, drainage and vegetation maps, including soil survey reports by Thompson and Beckmann 
(1959), Macknish (1979) and Carberry and Walker (1993). 
 
Bui’s (2000) methodology was refined for this study by incorporating slope information in estimating 
the final recharge and discharge boundaries. Because some portions of the soil map units 
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corresponding to recharge areas were found in flat areas where drainage is poor, the slope information 
was used to clip these poorly drained areas. Hence, soil units typically associated with recharge zones 
but located on valley floors and with less than 3% slope were classified as transmission or discharge 
zones. The DEM was used to calculate the slope and the sub-catchment boundary layers. The latter 
aimed to subdivide the study area into smaller sub-catchments so that the relative extent (area) of 
salinity outbreaks per sub-catchment could be quantified. As one of the revegetation prioritisation 
criteria, the severity of salinity – by concentration within an area in each sub-catchment – was 
ascertained by overlaying the sub-catchment boundary layer with that of the salinity map. The 
recharge areas were divided into high priority and moderate priority, with the high priority areas being 
those in which the current land-use is some form of pasture or the land is too steep for cropping. The 
medium priority areas are those currently used for cultivation or urban purposes. These categories are 
shown in Figure 8.2. 
 
N
Revegetation Areas
Moderate priority
High priority
Not priority
Watercourses
 
 
 Figure 8.2. Possible revegetation areas by priority, based on salinity hazard and 
current land-use   
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It is possible to further subdivide the high priority areas, based on the severity of salinity in each sub-
catchment (Apan et al. 2001) This ranking was determined through GIS by attribute querying of the 
recharge and pasture/grassland areas followed by an overlay of the results by the combined sub-
catchment boundary layer and salinity map. The priority classes were determined by ranking and 
reclassification (using an equal interval technique) based on the total area affected by salinity per sub-
catchment. Validation of the classification results was conducted by generating 32 sample points 
(using a simple random sampling program for ArcView), and assessing the agreement (using cross-
tabulation) between the prioritised revegetation sites and the sites identified from field information 
and individual map layers.  
 
Preliminary scenarios 
 
In preparation for the MODSS process, a number of scenarios were developed to present to 
stakeholder and expert groups. These scenarios were developed by identifying land-use types that 
satisfied particular criteria and then assuming that those were converted to plantations, to create the 
following scenarios: 
 
1. An approximation of current land-use. 
2. Making better use of existing (native) vegetation, following from the discussion in Chapter 6. 
3. Planting the high and medium priority salinity hazard areas. 
4. Riparian vegetation enhancement. based on strip plantations adjacent to waterways. 
5. Shadeline plantings, which are shelter belts planted along fence-lines or where there is a break in 
soil types or land-use activities. No spatial representation for this category was developed, 
because there was no easy way of identifying where these would be placed in the landscape.  
6. Agroforestry which would include grazing and plantations in combination. 
7. Conversion of non-cropping areas, which would involve converting grasslands to plantations. 
8. Private medium-scale plantations in which it is assumed that blocks of 200 to 500 ha would be 
converted to forestry 
9. Landscape-scale plantations whereby there would a large corporate investment in plantations for a 
total of 2000-3000 ha. This is outside the brief of the research project, but there was interest in 
gathering some qualitative data on the reaction to such a proposal, given the concern about such 
developments in other agricultural areas (Tonts et al. 2001).  
 
Some scenarios were not considered realistic but were included in the initial discussions in order to 
gather a wide range of feedback. Estimates of the change in the value of production for the whole 
catchment were presented with each scenario. A modified set of scenarios, accompanied by some 
economic data, was presented to an expert panel, as discussed in Chapter 15. Based on the two rounds 
of discussions, survey data, and preliminary economic output calculations, a number of scenarios 
were eliminated from further consideration. 
 
The native vegetation option was eliminated because of the limited areas available and lack of 
commercial potential in most stands. Landholders liked the idea of shadelines but this was not 
considered a practical commercial option. Agroforestry attracted the interest of both landholders and 
forestry extension personnel and researchers, but the estimates of economic returns suggested that the 
separation of grazing and commercial plantations resulted in a better outcome for both producers and 
for the regional economy. The conversion of pasture to plantations resulted in a degree of change that 
landholders’ thought was too great. Given the preference for livestock production, even amongst part-
time graziers, as discussed in Chapter 5, such conversion is not considered likely. The conclusions 
from Chapter 5 tend to rule out the medium-scale plantations, given that landholders and especially 
those with larger holdings are not likely to be interested in extensive plantations. Finally, the 
corporate investment scenario was not considered further, given that it is outside the brief of the 
research.  
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This process effectively left the recharge areas and the riparian scenarios. However, in the initial 
discussions the recharge area scenario, participants were concerned about the proportion of the 
catchment that would be converted to plantations, while there was concern about the feasibility and 
conservation implications of riparian plantings. The economic estimates showed that if these scenarios 
were realised, there would be a considerable drop in economic output for the catchment. Much of the 
loss comes from displacing crop production. It was also observed that ley areas comprised about 10% 
of the catchment and this land could be used without a reduction in overall output. Therefore, the 
scenarios were revised and combined to create two new scenarios based on three criteria: 
 
1. low opportunity cost, involving relatively little displacement of agricultural activity. This is a 
reflection of the apparent preference of landholder engaged in conventional enterprises to 
continue these enterprises. 
2. some amelioration of the potential problems of salinity and waterway degradation. and 
3. a minimum total area of forestry within sub-region, in order to try to ensure a reasonable flow of 
timber. 
 
The two new scenarios are now outlined. 
 
Scenario 1 - A minimal plantings scenario 
 
This first scenario favours the first criterion, while satisfying the third and taking the other one into 
account. The minimum output criterion was based on a yield of 150 m3/ha, derived from a final stem 
count of 150 stems/ha and a millable yield of 1 m3/stem. This is relatively conservative, but given the 
state of research on yields, this was considered reasonable by extension personnel and advisers. If the 
minimum throughput for a small mill is 15,000 m3/yr, this could be maintained by harvesting 100 ha 
every year. With an average rotation of 35 years, assuming some variation in growth rates, the 
minimum total area for sustainable forestry would be 3,500 ha.  
 
In order to meet the first two criteria, two new land-use categories were created, one based on the 
intersection of ley areas and riparian areas and the other based on the intersection of ley areas and 
high priority salinity sites. In other words, this was an attempt to identify those areas where 
plantations would not displace much existing production but would provide some land protection 
benefit. The ley land-use theme was extracted from the current land-use map. Then it was intersected 
with the high priority salinity layer. The intersection then became the potential ley/salinity plantations 
land-use. This was cut with the non-suitable mask and then patches of less than 2 ha were eliminated, 
on the basis that while small patches are not to be dismissed, they would not be an initial priority. The 
final result added to the original map to become land-use type 14.  
 
For the riparian areas, the original buffered major waterways were extended by a further 200 m either 
side of the original buffer. This was done by adding cells to the original buffer (20 to each side). This 
was then intersected with the ley areas, and the resulting potential sites were cut with the non-suitable 
layer, and patches of less than 2 ha were eliminated, to leave a set of possible ley/riparian sites.  
 
The assumption here is that these two land-use types identify the ‘highest’ priority areas for this 
region. In another region, the criteria might involve windbreaks services or conservation value, but 
these were chosen on the basis of landholder preferences and current policy directions. These would 
also be the areas that could attract some forms of external assistance, whether that be by way of 
credits, subsidies or partnerships. It was assumed that these priority areas would be supplemented by 
more stands in the ley areas, given that many of the ley sites are in the east of the catchment and 
probably owned or managed by recreational or low-production landholders who may be more easily 
persuaded to consider plantations. Therefore, the three categories of ley/salinity, ley/riparian and 
selected ley areas should generate enough area for the minimal scenario. However, the first two 
categories did not yield a large aggregate area, and so it was assumed that 3000 ha of additional ley 
areas would be put into plantations in order to develop a critical mass.  
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Scenario 2 - A medium-scale scenario 
 
This scenario for the study site is based on an expansion of the possible areas for forestry, keeping in 
mind the same criteria as for the minimal scenario, but allowing for some greater displacement of 
existing grazing activity, and to a lesser extent some farming activity. The land protection criterion is 
considered to be more important and the benefit of this is that there is likely to be a greater forestry 
resource base, ensuring an increase in annual output in the future. Essentially, this scenario involves 
adding three more plantation possibilities to the minimal scenario. When these three scenarios were 
completed, they were temporarily converted to one land-use type, and then areas of less than 5 ha 
were removed, using the method outlined above. The assumption here was that with a larger total 
area, the aim would be to encourage larger stands.  
 
The first plantation category was simply the balance of the high priority salinity area, appropriately 
trimmed. This became land-use type 16. The second category was riparian plantation possibilities. 
However, this was not the balance of the riparian areas, but rather the balance of areas adjacent to the 
major waterways that were currently in pasture rather than crop, but were adjacent to crops. The 
reasoning here is to identify areas in the riparian zone that are unlikely to grazed regularly, if at all, 
which in effect are the areas between crop land and the waterway. Thus, plantations on these areas 
would have a relatively low opportunity cost 
 
The riparian plantation possibilities were derived by first expanding the buffered major waterways, 
as described above. Then, using Map Calculator, areas adjacent to both the original buffered 
waterways and crops were identified and extracted. These areas were then intersected with existing 
land-use types, native and modified pasture, to create some current ‘grass buffers’. These were further 
intersected with the waterway extended buffer zone, and the intersection extracted as the potential 
riparian plantations sites. This was then cut with the mask that excludes land not suitable for forestry. 
The results were effectively strips, up to 200 m wide, adjacent to the buffered major waterways, on 
areas that are currently under some form of pasture. This is land-use type 17. The logic is that this 
minimises the displacement of crop production, and provides some waterway and water quality 
protection, assuming there is some form of integrated waterway buffer system. It is to be noted that 
there is still a closer waterway buffer area that could be established with suitable water filtering 
grasses to complement the plantations. In addition, this ‘outer buffer’ plantation layout reduces the 
potential for regulatory restrictions on riparian zone timber extraction.  
 
The final plantation possibilities category is that of erosion hazard plantations. This is a relatively 
small category based on substituting current cropping that is being undertaken on slopes greater than 
12%. This category was created by identifying and extracting the cash and fodder crop categories 
from the current land-use map, intersection them with slope categories greater than 12% and then 
cutting the resulting intersection with the non-suitable mask. Another 1500 ha of ley plantings was 
added to this scenario, on the grounds that smallholders would over time develop more plantations of 
their own accord. 
 
Calculating changes in the value of agricultural output 
 
Agricultural output resulting from the introduction of plantations is estimated by adding area 
estimates from a GIS analysis to an Excel spreadsheet containing price and production estimates. The 
calculations rely on some simplifying assumptions and research parameters, on the grounds that 
estimating real output would require considerable work in ground-truthing actual production in the 
study area.  These parameters and assumptions include: 
 
• returns from intensive livestock production, vegetables and lucerne are excluded from the 
calculations; 
 
• crop returns are based on the average return from a set rotation that includes grain and legume 
crops, and five crops produced in four years; 
• crop and stock prices are based on prices offered to farmers at the farm gate; and 
• beef yields are based on estimates produced by a local beef husbandry adviser (Clarke 1997). 
 
Therefore, this is an estimate of returns from the catchment, based on simple dryland production, and 
would probably be an underestimate of total agricultural output. However, for this analysis, the 
important figures are the change in output associated with forestry.  
 
The calculations for the plantations are based on the conservative assumptions that: 
 
• the harvest cycle will be 35 years on average 
• the final stem count will be 150 stems/ha 
• the yield will be 1 m3/stem on good soil, declining somewhat on the poorer soils; and  
• the average timber price will be $50 m3. 
 
To determine output, tables were generated showing the amount of land-use activity taking place on 
each of the production capability types. For example, there might be 10,000 ha of crop on category 1, 
meaning that will result in a maximum average crop yield or a maximum timber yield and so on. An 
example of an edited table for the minimal plantings scenario is presented in Appendix 7.1.  
 
8.3  Estimates of Changes in Land-use  
 
As expected, the minimal plantings scenario does not displace any existing activity, while the 
medium-scale plantings mainly displace grazing, as shown in Table 8.3. However, the impact on 
salinity and water quality would be limited, given the relatively small area that covers the riparian 
zone or the high priority salinity area. 
 
Figure 8.3 presents the distribution of potential forest stands under the minimal plantings scenario. 
Plantings are relatively scattered, although there is a tendency for them to cluster in the north-east of 
the catchment, reflecting the location of low-production cropping and recreational blocks. The 
medium-scale plantings could potentially provide a much greater social benefit, given the more 
extensive coverage of high-priority salinity areas. In addition, the stands (or aggregations of stands) 
would be much larger and there is a more obvious concentration that would contribute to a reduction 
in harvesting and handling costs, and perhaps be sufficient to induce the development of local 
processing.  The distribution of possible sites under a medium-scale scenario is shown in Figure 8.4. 
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Table 8.3. Area of different land-use categories 
 
Land-use categorya Area (ha) 
 Current land-use Minimal 
plantings 
Medium-scale 
plantings 
Crops 33003 33003 32845 
Fodder crops 1630 1630 1583 
Total Crops 34,634 34,634 34,428 
Modified pasture 19024 19024 15055 
Native pasture 5849 5849 4789 
Total pasture 24,873 24,873 19,844 
Native vegetationb 6740 6740 6740 
Ley areas 7576 4010 5511 
Ley salinity plantings  346 346 
Ley riparian plantings  219 219 
Other salinity plantings   2909 
Other riparian plantings   2293 
Erosion hazard plantings   34 
Additional ley plantings  3000 1500 
Total forestry  3565 7301 
 
a. Excludes all categories that were not considered for forestry. 
b. It is assumed that much of the native vegetation in this area sustains light grazing. 
 
 
Figure 8.3.  Forestry patches for a minimal plantings scenario 
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Figure 8.4. Forestry patches for medium scale plantings 
 
The drawback with the medium-scale scenario is that the opportunity cost of the medium-scale 
plantings is greater than expected and the value of the changes in agricultural output are shown in 
Table 8.4.  
 
Table 8.4. Value of output for dryland cattle and crop production 
 
Output Current 
land-use 
($1000) 
Minimal 
plantings 
($1000) 
Medium-scale 
plantings 
($1000) 
Total value of annual agricultural output up to 30 
years 
21430  21430  20570  
Total value of annual timber output in a steady-
state regime after 30 years 
0 762.3 1540  
Total annual value of all output after 30 years 21430  22190  22110  
Change in short-term annual output, from current 
output (up to 30 years) 
0 0 -855.7 
Change in long-term annual output (after 30 
years)  
0 762.3 685.3 
 
As expected, the minimal plantings scenario has the benefit of maintaining existing production, while 
providing an increase in total output once the plantations are being harvested on a sustainable basis. 
The medium-scale plantings scenario seems to result in a short to medium term loss, as expected, but 
the long-run annual net gain is less than the short-run losses. That is, even without discounting, it 
would take longer than a full growing cycle after first harvesting to recoup the lost income. The 
situation for the long-run impact of the medium-scale plantings does improve with a reduction in the 
harvest cycle time, so that a harvest cycle of 30 years results in a net increase in the value of annual 
output of $942,142. Alternatively, much the same outcome could be achieved with timber price of 
$57/m3. 
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8.4  Discussion and Implications 
 
The analysis provides some useful indications of the changes in output that could result from various 
changes in land-use and provides an idea of the spatial distribution of a new form of land-use, based 
on certain criteria. However, there are some limiting factors, including:  
 
• the lack of spatial representations of land-use in some regions. There was relatively complete 
spatial information for the study area. However, an attempt to replicate the work in a 
catchment in the New England area was ultimately stymied by a lack of land-use data. It 
should be noted that resource agencies are generally increasing the amount of spatial data 
they hold. 
• the lack of accessibility for spatial data. In some cases relevant spatial data exist but are not 
not readily available, either due to lack of metadata or, in some cases a reluctance by agencies 
to share data. 
• the lack of spatially orientated production data, with most production data collected at the 
minimum on the basis of a local government area. 
• the dynamism of land-use, with production regimes changing according to weather conditions 
and commodity prices. This is especially true for an area such as the study area, where a range 
of crop and stock options are regarded as substitutes in production. 
• the limited biophysical data for production rates for tree species in inland regions, such as the 
study area. 
 
These limitations mean the analysis undertaken here has limited accuracy for local decision-making 
on land-use, such as land-use planning by local authorities. Nonetheless, with more land capability 
information and current land-use data and better biophysical data for tree growth, this approach could 
be used for the identification of desirable locations for forestry. Improving the accuracy of the 
economic analysis is more difficult, given the dynamism of land-use and the uncertainty about 
commodity prices, especially timber future timber prices.  
 
Despite the limitations, the initial economic analysis does give cause for reflection on the likelihood 
of net gains if current enterprises are displaced for forestry. At this stage, there is no evidence to 
support the case for there being significant net economic benefits in such a move. This does not mean 
there is not individual landholder benefit, nor that there are not conservation benefits. Rather, it points 
to the difficulty of arguing for such a change on economic grounds alone, particularly where the 
environmental benefits have not been quantified. However, this is a very limited economic analysis 
and some further input/output analysis is being undertaken. In anticipation of results from these 
analyses, there will be some flow-on from the initial forestry establishment phase, but there will be a 
long period, perhaps 20 years, of little input before the regular harvesting of timber commences. In 
addition, the degree of local benefits will depend on the location of the processing infrastructure. A 
larger area of plantations displaces more existing production, but is more likely to support local 
processing, providing more than 30,000 m3/yr. On the other hand, the 15,000 m3/yr minimal plantings 
scenario allows for the maintenance of existing agricultural output and still produces a greater long-
run net gain.  
 
8.5  Suggested Further Research 
 
This analysis seems to provide a useful way to process and present spatial and economic information. 
It is easily understood by landholders and community groups, and with continuing work on the 
collection of spatial data, such an approach could be more widely used. With regard to further work 
on the analytical method, it is intended that the following activities will be undertaken: 
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• Some ground-truthing of the current land-use classes, especially checking whether designated 
ley areas are still not being used for conventional production; 
• the regional economic impact for each scenario will be estimated from a regional input/output 
table;  
• an estimate will be made of the economic returns to be derived from providing expert advice 
to landholders, running an annuity payment system and developing a credit payments system 
to encourage plantations in a region; and 
• the approach will be shown to a local authority that covers much to the study site, and for 
which the planning officer is interested in assessing the potential of the model to support land-
use planning decisions on forestry. 
 
Suggested further work on this approach to analysing forestry in the regional landscape could include: 
 
• undertaking a land-use survey to identify additional areas that currently support little or no 
agricultural production. Such areas could include grass patches in cultivation and grassland 
buffer zones around houses and livestock facilities. There may be a considerable aggregate 
area of such sites, some of which could support small plantations; 
• reviewing similar spatial analysis research programs to gather ideas on improving the 
accuracy of the spatial data to be used as the bases of the analyses; 
• liaising with local landcare and catchment management co-ordinators to arrange meetings at 
which landholders can consider the model and provide feedback on the accuracy of the land-
use map, and comment on the realism of the rotations, yields and carrying capacity, in order 
to add temporal production patterns to the model; 
• using the Australian Farm Forestry Financial Model (discussed in Chapter 9) to predict 
financial return from forestry for farms in the region and then using that information to update 
production data and estimates of the value of output; 
• integrating the Plantgro files into the spatial representation of a region;  
• estimating possible social benefits; and 
• integrating outputs from this approach into a MODSS framework. 
 
8.6  Summary 
 
In this chapter a method of analysing the spatial distribution and economic impact of an expansion in 
the area devoted to farm forestry within a catchment or sub-region has been discussed. The analytical 
work depends on there being suitable spatial data or the resources to undertake extensive data 
collection and processing work for a defined area. Given the almost infinite number of potential land-
use combinations, the method relies on using criteria to produce a limited number of possibilities. In 
this analysis, the development of land-use scenarios was based on information about landholder 
attitudes, government policy documents and expert and local knowledge. The initial nine scenarios 
were eliminated or modified through a MODSS process and by the re-examination of the initial 
criteria. It would be feasible to use less formal processes of consultation with landholders and other 
stakeholders to modify scenarios, but there was some value in testing the more formal approach.  
 
The results of the economic analysis for this case study suggest that it would be difficult to argue that 
plantations result in a clear economic advantage, especially in the short to medium term. This is 
largely because of the opportunity cost of displacing existing production. However, the spatial 
analysis showed that there is a considerable area of land within the catchment that is not being used 
for agricultural or pastoral purposes. This analysis may even have underestimated the area of land that 
supports little or no production. If this line of thinking is pursued, the focus remains on developing a 
mosaic of small plantations across the landscape, as discussed in Chapter 5. This will mean a low 
opportunity cost in terms of production, but it may also mean there is a limited contribution to 
conservation and land protection benefits. 
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